The disconnect between rising short and low long interest rates has been a distinctive 
Introduction
Prior to the recent global financial crisis, two topics were prominent in policy and academic circles. First, the low levels of long term interest rates despite increasing short rates, the so-called Greenspan Conundrum, raised concerns about the possible failure of the monetary policy transmission mechanism in the US, see Greenspan (2005) . Second, the large Global Imbalances, and in particular the excessive US external deficit, were the subject of intensive debate given their potential to force a sharp correction on the global economy.
The literature generated by these two issues has either taken a domestic or an international perspective.
1 Recently, the latter has gained momentum. It supports the view that the combination of excessive risk-taking and an international search for yield in a financially integrated global economy may be one of the main explanations for the crisis (see OECD, 2008; King, 2009; Caballero and Krishnamurthy, 2009 ). This international search for yield may have induced greater co-movement of international returns.
According to an interpretation from Bernanke (2005) , a more global perspective might warrant a common explanation for both Global Imbalances and the Greenspan Conundrum and help solve the 'puzzling' behavior of interest rates: "From a narrow U.S. perspective, these [low] long term rates are puzzling; from a global perspective, they may be less so" (Bernanke, 2005, p.7) .
Along these lines, Caballero et al. (2008) were the first to propose a formal model that produces a US current account deficit, low interest rates and a shift in global portfolios towards US assets. Empirically, the idea that foreign holdings may drive the low levels of US interest rates, has found support by Craine and Martin (2009) and Warnock and Warnock (2009) . However, the interest rate puzzle does not appear to exist only in the US, but also in other industrial countries.
Hence, in this paper, we pursue the global perspective solicited by Bernanke to uncover an economic rationale for the puzzling behavior of long term interest rates.
Specifically, we apply recent econometric panel time series methods to investigate the country-specific and international linkages between domestic interest rates at the short and long end of the maturity spectrum, or the term spread. We analyze a sample of eight industrial countries between 1988 and 2006. 2 The international dimension to interest rates has also been investigated by Moon and Perron (2007) and Henriksen et al. (2009) .
Nevertheless, Henriksen et al. (2009) only highlight co-movements in short term interest rates. And Moon and Perron (2007) report, but do not draw attention to the relatively high correlations at the long end of the yield curve. Another recent paper from Diebold et al. (2008) emphasizes the international dimension of interest rates presenting evidence of a "global yield curve". Here, we go beyond these analyses to provide an economic rationale for co-movements in long rates.
Using the Uniform Spacings method of Ng (2006), a methodology that allows an overall assessment of the degree of correlation in the panel, we find that long rates are more correlated internationally than with their domestic short counterpart, especially in 2 Factor models have also been used recently by inter alia Ciccarelli and Mojon (2008) , Crucini et al. (2008) and Stock and Watson (2008) The rest of the paper is set out as follows. In the next section, we provide a short discussion of the related literature. Section 3 presents the empirical analysis of the domestic and international interest rates co-movements. Section 4 investigates the possible alternative sources of the global factors behind the long end of the term spread, and Section 5 concludes.
International Factors and the Term Structure of Interest Rates
Despite an extensive literature, there is neither theoretical nor empirical consensus on the domestic nexus between short and long term interest rates. years and 10 years), and suggest a much lower correlation between interest rates at distant maturities (e.g. 3 months and 10 years) and between international rates of the same maturity across countries (correlation for three month Canadian T-Bills and three month US Treasury is ≈ 40%). However, in their discussion they appear to overlook the evidence of higher international dependence of interest rates at the longer end of maturity spectrum (e.g. ≈ 60% for Canadian and US 10 year interest rates). Yet, this evidence can be interesting with respect to the de-coupling of short and long interest rates observed in recent years. Interest rates co-movements over the maturity spectrum are also analyzed in a different, but related, setting by Diebold et al. (2008) . They model the yield curve using international factors for level, slope and curvature 6 and argue for the existence of a global yield curve.
The large co-movements at the long end of the term spread or the existence of a global yield curve can have different alternative explanations. One possible contender is 6 the role played by "global monetary policy" as discussed by Rogoff (2006) , Borio and Filardo (2007) and Ciccarelli and Mojon (2008) . 7 Wu (2006) , on the other hand, alludes to the risk dampening effect of greater integration and the greater availability of savings that have translated into the observed low levels of long term bond yields in the US.
In reference to the US, Warnock and Warnock (2009) Table 1 also suggest that long rates are less volatile than short rates for the whole sample (with the notable exception of Japan), a feature recently discussed by Atkeson and Kehoe (2008) .
Uniform Spacings Methodology
Compared to more traditional correlation analysis, the Uniform Spacings method developed by Ng (2006) correlations. Given that these correlations are quantitatively smaller than the large correlations, then the subsample Large must also be significantly different from zero. Table 2 presents the proportion of small correlations (θˆ) and the svr for both Small and Large subgroup correlations obtained applying Ng ( 2006) . Further, the analysis was repeated over the full period and for two sub-periods, before and after 1999. The svr statistic indicates that the subgroup of Small correlations is insignificantly different from zero for all three time periods. The proportion θˆ is the same for the full and earlier time period (10%) and only slightly larger for the later sample period (14%). Below, we look more carefully at which individual sample correlations change magnitude in the later period. For the moment, the overall evidence is of a large proportion of statistically significant large correlations of interest rates throughout the entire sample period (svr statistic for large correlations is greater than the 5% critical value).
<FIGURE 3 HERE>
The nature and degree of pervasiveness of correlation in the data can further be analyzed looking at the degree of correlations heterogeneity. This, according to Ng (2006), can be assessed graphing the transformed ordered correlations ( j φ ) . Figure 3 provides the q-q plots for transformed ordered correlations over the full period and over two sub-periods, before and after 1999. Under the assumption of correlation homogeneity, the plot should be linear over the 45 o line. The greater the deviation from the 45 o line, the greater the correlation heterogeneity in the data. A strong degree of heterogeneity emerges for both the full sample and the two sub-samples. This result suggests that some interest rates are clearly more correlated than others in our data set.
The groups of Large and Small correlations for the full sample of interest rates are presented in Table A1 for the full sample period and Table A2 for the period post 1999 in Appendix A. A notable result from these sample correlations is the evidence of large international correlations at the long end of the maturity spectrum. Moreover, these correlations increase in the most recent period. For example, in the most recent period, the US long rate is highly correlated with the rates in Germany, New Zealand, UK, Sweden, Switzerland and Canada. The long rates of three European countries (i.e.
Germany, Sweden and UK) are correlated above 0.8 for the recent period compared to less than 0.7 for the whole sample period. The German long rate is highly correlated with both the US long rate (0.808) and with the UK (0.873), for the later period.
In contrast, international correlations at the short end of the spread are generally lower and tend to decrease in the 2000s. The rates of New Zealand, Sweden and Japan, for example, are all insignificantly correlated since they are in the subgroup of Small svr correlations. The smaller short rate correlations corroborate the view that individual authorities' monetary policy is not associated at the short end of the maturity spectrum.
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Additionally, within country correlations exhibit smaller sizes than many long rates international correlations, and while the latter have increased in the most recent period, the former have decreased. This evidence is confirmed in Table 3 , where correlations are reported between short and long run interest rates within countries for the full period and for the two sub-periods before and after 1999. The mean sample correlation of individual country short and long rates has fallen from 0.423 to 0.263 between the earlier and later sub periods. A t-test rejects the null of no change in the mean between the two sub-periods. Consequently there is clearly a decline in the linear association between short and long interest rates within countries.
To sum up, a number of interesting results emerge from the correlation analysis.
First, international long rates correlations are higher than short rates correlations. Second, domestic term spread rates correlations are surprisingly low and lower than international long rates correlations. Third, while short term international correlations and within country term spread correlations have decreased over time, long rates international correlations have increased. Fourth, correlation is pervasive in the data, but the degree of pervasiveness is different across both the maturity spectrum and over time.
The Global Side of the Term Spread
The pervasive nature of correlation warrants further investigation on the international dimension of the term spread, especially at its longer end and for the more recent period. This issue can be further investigated by means of panel factor methods. In particular, we begin by testing the convergence properties of the interest rates series,
using the Panel Analysis of Non-Stationarity in Idiosyncratic and Common components
(PANIC) methodology due to Bai and Ng (2004) on the pairwise interest rate differentials, where evidence of stationarity can be taken as an indication of convergence.
The Bai and Ng (2004) PANIC methodology endeavors to model nonstationarity in a panel time series (y it ) by assessing to what extent nonstationarity is due to a common factor (F t ) and to a idiosyncratic error (ε it ). We define this relationship algebraically:
Where c i is a fixed effect and λ i are factor loadings. Table 4 ). Nonstationarity that is pervasive can be tested by examining whether the common factor is nonstationary. A Fisher type panel unit test is used to examine whether the idiosyncratic component ε it is nonstationary.
<TABLE 4 HERE>
Results in Table 4 seem to confirm the disjoint behavior of the two components of the term spread. There seems to be greater evidence of convergence in the idiosyncratic component of long interest rates differentials, and smaller evidence of stationarity (and convergence) in the idiosyncratic of short rates differentials for the more recent period.
For example, we reject the null hypothesis of unit root in long run interest differentials for the idiosyncratic component (test statistic = 5.901) for the most recent period. But we are unable to reject the unit root null (i.e. no convergence) for the idiosyncratic component in short term interest rates differentials for the most recent sample period (test statistic = -1.503). Hence, short rates seem to have become more representative of independent or country specific policies and long rates dominated more and more by an international dimension.
< TABLE 5 HERE>
Finally, we can investigate whether interest rates are indeed dominated by latent common factors. In Table 5 , then, we present the results on the PANIC approach run on the short and long interest rates series. Interestingly, the two components of the term spread do seem to behave differently in terms of idiosyncratic and factor nonstationarity.
When all interest rates series are pooled together (in rows 3 to 5 in Table 5 ), the tests indicate nonstationarity in the idiosyncratic for the recent period (test statistic 0.181).
This, however, appears to be due to idiosyncratic nonstationarity in the short interest rate, since this is equal to -1.485. Greater evidence of stationarity is found for the idiosyncratic component in the long rates, which instead seem to be dominated by a common factor.
Indeed, and most interestingly, IC3 suggests the existence of a common factor only for the long rates and only for the more recent period. Moreover, the share of long interest rates series variance explained by the common factors increases considerably in the recent period from around 45.2% to around 66.9%, suggesting that a single common factor does an excellent job at summarizing recent variation in the data. In contrast, the share of short rate variance explained by the first component goes down from 52.1% to 48.5%.
What lies at the global end of the term spread?
In the above analysis, we have gathered substantial evidence of an international dimension, or a "global side", to the long end of the term spread. Indeed, international correlations in long rates are both higher than short rates correlations and, surprisingly, than within country correlations between short and long rates, or the term spread. Also, the first principal components explain a greater amount of the total variance of long term interest rates than short rates. This evidence is particularly strong during the most recent period, characterized by the puzzling behavior of long interest rates. Indeed, over the most recent period, long run interest rates seem to display convergence properties, and more importantly, seem to be driven by a common factor.
Our results further suggest a disjoint behavior of short and long rates, with the former becoming more dominated by country-specific forces and the latter by international factors. This phenomenon, clearly, indicates that the long rates international dimension is causing a substantial break in the domestic term structures and corroborates
Bernanke's statement that a global perspective should be taken on the recent puzzling behavior of long run interest rates. Along these lines, the natural step forward is, then, to relate some plausible explanations put forward in the literature for the low levels of long interest rates to the common factor identified for the long rates post 1999.
First, however, we can further substantiate the validity of the identified common factor. As discussed by Bai and Ng (2004) , we can analyze whether any particular series dominates the factor using ratio of standard deviation, σ(.), of the differenced idiosyncratic component (Δε it ) in equation (2) to the ratio of the standard deviation of differenced data (Δy it ). If the idiosyncratic component explains most of the variation in each series then σ(Δε it )/σ(Δy it )→1. This ratio will be small if the common factor explains a substantial proportion of total variation in each series.
<TABLE 6 HERE>
The results presented in Table 6 show how all the series are associated with the first global factor in long run interest rates to a certain extent (apart from Japan). For
Germany, New Zealand, Sweden, UK and US over three quarters of the variation in the individual series is explained by the first principal component. This share is smaller for Switzerland, Canada and Japan, but the majority of variation of these series is explained by the first principal component (more than 60% on average). The second component adds less than 15% to the total variation explained by the first principal component.
We take this as further evidence that the first component does a good job at summarizing the commonalities in long term interest rates across countries, especially for the US, Germany and the UK, and the results are not driven by one small and idiosyncratic country.
Then, following an approach similar to the one suggested by Gengenbach et al. 
<TABLE 7 HERE>
Firstly, in Table 7 we are unable to reject the null hypothesis of no relationship between CPI inflation in a sample of industrial countries and the first principal component of long run interest rates, since we are unable to reject the null hypothesis that the rank of the VAR is equal to zero according to Johansen (1988) Trace test statistic for our sample period. To the extent that global inflation is mapped by our measure of inflation, we do not think this is the most important determinant of the recent global trend in long term interest rates. To examine the importance of the international business cycle, we examine the relationship between industrial countries' Industrial Production and the first factor in long rates. We are not able to reject the null hypothesis of no cointegrating 10 Evidence, available upon request, indicates that our four potential explicators are nonstationary. 11 Indeed, Borio and Filardo (2007) suggest that global excess capacity is increasingly important for a country's domestic inflation. If individual countries interest rates respond in a common way to these shocks there should be a strong relationship between the common component of interest rates and global industrial production.
vector between average industrial production and the first principal component of long interest rates at the 5% significance level.
Finally, we consider the importance of global savings as a variable potentially related to the commonalities in long rates, finding strong evidence of a long run relationship between international reserves and the principal component of long interest rates. Indeed, this evidence survives at the 1% level of statistical significance. These results seem to provide empirical support for the argument from Bernanke (2005) that the global savings glut and the increase in holdings of international reserves by emerging markets may be behind the global factor in the long interest rates of industrial countries and may be a plausible explanation for the the domestic interest rates disconnect observed before the 2008 global financial crisis.
Conclusions
The low levels of long interest rates of industrial countries in spite of increasing to obtain a measure of the overall degree of correlation in the data. We find a number of interesting facts. First, there is greater evidence of international correlation at the long end than at the short end of the term spread. Secondly, and surprisingly, long rates are more correlated internationally than domestically with their short rates. Finally, the post 2000 period has witnessed both a decrease in the domestic short to long correlation (the term spread failure) and an increase in the correlations at the long end of the spread. The PANIC method of Bai and Ng (2004) not only confirms the spacings correlations evidence, but further suggests that a (non-stationary) global factor dominates the long end of the spread, but not the short end. We take this as evidence in favor of the global approach to the interest rates conundrum, as suggested by Bernanke.
In the final step of our analysis, we try to discriminate among possible alternative explanations for the "global end" of the term spread. Using an approach similar to (2) considers different variance. P-values examine whether there is a difference in the average correlation for short and long rates over our two sample periods. Asterisk (*) indicates rejection of the null of no change between the two periods at the 5% level. Superscript SR is short rate while superscript LR is long rate. Notes: this table examines the degree to which the first to the fifth factor from Bai and Ng (2004) explains the degree of variation in each of the countries long term interest rates between 1999M2 to 2006M7. This is the ratio of the standard deviation of the idiosyncratic component to the standard deviation of the original series (i.e. σ(Δε it )/σ(Δy it )). This ratio tends to one when the common factor explains little of total variation in individual series. 
